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2. Executive Summary

Final Report: Modeling Memory Processes and Performance Benchmarks
of AWACS Weapons Director Teams

Memory is a critical cognitive process in the multiple tasks performed by Air Force
AWACS weapons directors. When weapons directors lose access to the screen display
information, they must rely upon their memory to perform their tasks. Weapons directors can
respond to this situation by using collaborative strategies to enhance their team's memory
performance. This report describes a program of research investigating the impact of
collaboration on memory performance. Among the unique features of this research is the
development and test of benchmarks for team performance based on theoretical models derived
from signal detection theory and social decision schemes theory. These benchmarks defined
optimal and suboptimal levels of performance on the memory tasks. Across the studies reported,
optimal performance was found for six member groups responding to information fiorn a mock
job interview while suboptimal performance was found for three- and five-person teams
answering questions about difficult to remember information displayed in an AWACS weapons
directors synthetic task environment. These patterns of results suggest that theoretically-derived
benchmarks provide useful means for defining optimal and suboptimal levels of performance.
Moreover, the comparison of performance to the benchmarks helps highlight and identify
conditions under which teams do and do not approximate optimal performance. A direction for
new research is to capture the expertise of weapons directors to enhance team performnance.

Results of the studies reported indicate that the nature of the information to be
remembered as well as team size interacted to influence the social and cognitive processes by
which teams responded to memory items. For the studies using rich, but not extremely
challenging material, the group responses were influenced by members being able to know the
correct response and demonstrate it to other group members. For the study involving the very
challenging information displayed to simulated weapons directors, the team responded according
to a majority process regardless of whether the majority was correct or incorrect. The results of
these studies have an additional implication for considerations of reducing weapons director
team size. That is, weapons directors face such a cognitively demanding set of tasks, reducing
team size would diminish their team effectiveness. The theoretical models considered and the
empirical evidence gathered both support keeping the proper team size for weapons directors
unless substantial changes are made in terms of memory aids and the way information is
displayed.

Additional results of these studies reinforce the finding that the nature of the information
displayed influenced memory performance. Based on theoretical conceptualizations of the types
of information displayed to weapons directors, it was predicted that certain attributes (e.g.,
aircraft mission) would be more likely to be remembered than other information (e.g., aircraft
heading). The results of one study demonstrated strong support for this set of predictions. Even
when the simulated weapons directors were faced with strong cognitive demands, certain aircraft
attributes were significantly more likely to be remembered correctly than information about other
attributes. These findings suggest that specific modifications of the way information is displayed
to weapons directors could aid them in being able to remember the information and perform their
tasks more effectively. In addition to these conclusions about display information and team size,
the studies reported also contribute to our theoretical understanding of team performance and
help build a stronger conceptualization of how collaboration can be used to harness the
advantages of teams.
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4. Background

The proposal that led to this funding was submitted in July 2001 by Verlin Hinsz as
Principal Investigator. The proposal was inspired by presentations and discussions about the
AFOSR Team Performance program held at Brooks AFB in April 2001. Verlin Hinsz began a 12
month NRC/AFRiL Senior Research Associateship in August 2001. Dr. Hinsz held this position
at the AFRL/HEA Team Training branch at Brooks AFB with Sam Schiflett as his advisor. The
time Dr. Hinsz spent as a Senior Research Associate was very infonnative and aided in the work
conducted as part of this funding.

The submitted proposal was selected for 36 months of funding for the period beginning
June 2002. A request for an extension was made in early 2005 to help finalize the project and
account for the funding. The extension was requested in part because North Dakota State
University (NDSU) was undergoing a change in accounting systems to PeopleSoft and it was not
clear what the balance in the grant was. Consequently, the funding period for this grant ended on
the revised date of October 31, 2005.

When this proposal was funded, Dr. Hinsz held an NRC Senior Research Associateship.
One condition of this Associateship was that he could not receive other federal funds at the same
time. Consequently, although conceptual thought and effort could be dedicated to the project, no
expenditures could be made. Dr. Hinsz also spent some time trying to recruit student and
technical personnel to work on this project during the initial months. Once the Associateship
ended in August 2002, Dr. Hinsz returned to NDSU and began working on the project in earnest.

The research in the project was conducted at NDSU. Dr. Hinsz held a position as
professor of psychology in the College of Science and Mathematics at NDSU. Space for this
research effort was made available in Hultz Hall on the NDSU campus. In this space, the two
rooms were arranged to make an AWACS Team Performance Laboratory. A set of workstations
were erected in each of these rooms to test team performance in a simulated AWACS Weapons
Director team environment. More details of this lab are presented later in this report (Section 10).

The simulated AWACS Weapons Direct synthetic task environment used for some of this
research was produced under a subcontract with Aptima Incorporated. The weapons director
synthetic task environment (STE) used in this research effort was a variation on the DDD
AWACS Weapons Director STE that had been developed for AFOSR research (cf., Entin, Entin,
Bailey, Paley, & Miller, 2001; Entin & Rubineau, 2002). It took officials at NDSU four months
to approve the subcontract to Aptima to construct a revised DDD AWACS STE. This local delay
was compounded by repeated delays in Aptima producing the revised DDD STE program.
Although the program should have been completed in several months, it appeared that Aptima
personnel were directed toward other efforts while the subcontract was in effect. Consequently,
NDSU did not receive completely functioning DDD AWACS scenarios until approximately
March 2004. Because of these long delays, the personnel supported by this funding completed
research related to the primary objectives so that important conceptual questions could be
addressed. The objectives and the research efforts pursued are described next in this report.

5. Obiectives

The reported research investigates collaborative memory processes associated with the
performance of weapons director teams. Predictions for team memory performance are derived
from the combinations-of-contributions theory model of team performance (Hinsz, Tindale, &
Vollrath, 1997). Comparisons between individual and team performance as well as differences
between teams of different sizes are described. In addition, models of memory performance in
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teams are specified based on the ideal group model (Sorkin & Dai, 1994) and social decision
schemes theory (Davis, 1973; Jlinsz, 1990). These models establish benchmarks for optimal,
sub-optimal, and lower-bound levels of performance. The experiments explore the degree the
perfornance of weapons director teams approaches the various benchmarks for performance.

The experiments also investigate the possibility of performance that exceeds optimal
levels as defined by the models. The research could then investigate the processes that may
contribute to this extraordinary performance in weapons director teams. Moreover, examination
of the optimal and baseline levels of memory performance can help identify why teams may not
attain optimal levels of performance. The models applied in this research also predict the impact
of reduced team size on the memory performance of AWACS weapons director teams.

The research reported also investigates a number of features of memory processes
associated with performance in weapons director teams: errors of omission, errors of
commission, sensitivity, and bias. The responses to memory items also provide an opportunity to
assess different types of memory that might be involved in weapons directors' task. The
information displayed to weapons directors can be symbolic, semantic, numeric, spatial, and
alphanumeric. The responses provide evidence regarding differences in memory for these aspects
of the weapons directors' tasks.

This research helps advance the theoretical understanding of team performance and
allows consideration of the efficacy of different formal models of team performance. Some of
this research relies upon a synthetic task environment to allow comparisons with the results of
other research. This research facilitates the development of knowledge of how memory and
collaboration in memory can be used to harness the advantages of teams.

6. Overview of Research Effort

Weapons directors are Air Force personnel that control and direct aircraft assets (e.g.,
fighters, refueling tankers) from airborne platforms (AWACS: Airborne Warning and Control
Stations). The tasks weapons directors perform are very complex, involving an array of cognitive
abilities (Fahey, Rowe, Dunlap, & deBoom, 2000). Weapons directors also collaborate and
coordinate with other weapons directors, the senior director, and personnel operating other
aircraft to insure the safety of the aircraft and personnel. Weapons directors sit at workstations
and monitor the activities of aircraft that are their responsibility from screen displays. With
adequate training and proper design of instruments, weapons directors can perform their tasks
quite well. However, at particular times, weapons directors can lose their screen displays and
have to perform their tasks "blind". In these conditions, weapons directors need to rely on their
memory to be able to monitor, cormmnand, control, and communicate with the personnel on other
aircraft. In this critical situation, the members of a weapons director team may be able to use
other team members to aid them in remembering where aircraft are, what their missions are,
where they are heading, possible conflicts that might exist in the flight corridor, and the
existence of threatening conditions (e.g., fighter running out of fuel). This research effort aimed
to investigate how collaboration in memory performance of weapons directors enhances their
performance.

Memory is a critical cognitive process in the multiple tasks performed by weapons
directors (Fahey, et al., 2000). Memory processes are critical for at least 10 different areas of the
task performance of weapons directors in AWACS environments (Hinsz & Malone, 2004). One
way to improve the memory processes of weapons directors is to take advantage of their team
structure and use collaboration to enhance memory performance. Research on teams, groups, and
crews provides a strong theoretical and conceptual basis for the consideration of the memory
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performance of weapons director teams. Signal detection theory can be applied to memory
performance in teams (Banks, 1970; Green & Swets, 1966; Hinsz, 1990). Moreover, social
decision scheme theory relates to team judgments about recognition items (Davis, 1973; Hinsz,
1990, 1999). Much of this research effort follows from the combinations-of-contributions meta-
theory for team processes and performance (Hinsz, Tindale, & Vollrath, 1997; Hinsz, Vollrath,
Nagao, & Davis, 1988).

The theory of combinations of contributions argues that team performance on a task can
be understood and predicted based on two components. The first component is the contributions
that members bring to the team. In the case of team memory for information displayed on
weapons directors' screens, the weapons directors' contributions would be their memories of the
displayed information. The second component is the ways these contributions are combined.
Combinations-of-contributions theory argues that the way the contributions are combined can be
described in some systematic fashion as a function of the task involved (e.g., average or sum of
contributions). According to combinations-of-contributions theory, the important questions to be
addressed in weapons directors' memory performance are: (a) what do the weapons directors
remember about the displayed information, and (b) how do they combine the information to
produce accurate or inaccurate memory responses.

Research examining team performance has often considered the comparison of the
relative performance of teams and individuals (see Guzzo & Salas, 1995; Ilgen, 1999). If teams
are asked to perform a task, it is important to know whether teams achieve more than individuals
that are treated similarly (cf, Davis, 1969). If teams fail to outperfon-n individuals, then onc must
question whether it is appropriate to have teams work at the task (Hackman, 1987, 1990).
Fortunately, research results generally indicate that teams are superior to individuals on
performance of cognitive tasks (Hill, 1982; Hinsz, et al., 1997; McGrath, 1984). Consequently,
research has attempted to identify the mechanisms and processes that lead to this superiority of
team performance.

Hinsz (1990) suggested three bases for the superiority of teams in performance on
cognitive tasks: information pooling, error correction, and effective strategies. Teams can be
superior to individuals because they have a larger information pool upon which to draw when
performing a cognitive task. Teams also improve upon individuals by correcting errors in their
members' responses. Because team members can identify the errors of fellow members, they are
less likely to incorporate them in the team response. Teams also appear to use better and more
effective strategies for selecting an appropriate response than do individuals. These three
mechanisms can work independently and interactively to enhance team performance on
cognitive tasks such that it is superior to that of similarly treated individuals. The experiments
described in this report examine how information pooling, error correction, and effective
strategies contribute to the memory performance of weapons director teams.

The members of weapons director teams can be treated as individuals or as a team in
terms of their memory for the information displayed at their workstations. As weapons directors
control and monitor aircraft, the information they are presented is basically the same.
Consequently, in tenrns of combinations-of-contributions theory, individuals and team members
would have virtually equivalent information that could serve as contributions to individual or
team performance on the task. Therefore, according to combinations-of-contributions theory, the
ways in which team and individual performance differs is in terms of how the information from
the team members is combined. The theoretical models applied here focus on how weapons
directors' contributions are combined and how bringing weapons directors together as a team
may transform these contributions.

The theoretical approaches considered in this proposal have both prescriptive and

-6-



descriptive aspects. One aim of this research effort is to establish benchmarks that can be used to
evaluate the performance of weapons director teams. A number of different benchmarks will be
considered: average performance under standard conditions, optimal levels of performance, and
lower-bounds for expected levels of performance. In addition, the models allow us to consider
what would be required to attain levels of performance that exceeds optimal according to the
models.

The theoretical models applied to the responses of weapons directors provide a means for
generating benchmarks for optimal levels of performance. These benchmarks for optimal
performance describe what would be required for the teams to achieve maximum efficiency and
optimum use of member contributions. To improve the performance of weapons director teams,
it is beneficial to know the degree to which interventions lead teams to approach optimal levels
of performance. Both signal detection theory and social decision scheme theory provide
conceptual bases upon which to specify optimal levels of performance given the weapons
directors' individual performance levels.

The theoretical approaches applied in these experiments also provide a basis for
considering non-optimal levels of performance. It might be important to recognize how poorly a
team performs relative to sub-optimal benchmarks for performance. The models considered can
define lower bounds of performance that could be expected if specific team processes occurred
in weapons director teams. Consequently, it might be possible to identify processes of team
memory performance that are leading the weapons directors to fail in their task performance.

An objective of this research effort is to describe the basic features of the memory
performance of weapons director teams. This includes the average level of memory performance
(e.g., proportion correct) and other indices used to reflect aspects of the teams' memory
processes (e.g., d). These experiments will also indicate the frequency of different types of
errors (e.g., errors of omission and conimission) in the memory responses as well as bias in types
of errors (e.g., P3). Thus, a number of features of the memory processes of weapons director
teams are revealed as a function of the research reported.

7. The Ideal Group Model Test and Analysis

One approach used for considering memory performance in weapons director teams is
based on signal detection theory (see Hinsz, 1990; Sorkin & Dai, 1994; Sorkin, Hays, & West,
2001). The application of signal detection theory in this research is consistent with the
combinations-of-contributions formulation. The contributions of team members are the
sensitivity and accuracy of the judgments they make for the memory responses. The combination
aspect of signal detection theory reflects the models that integrate the responses or information
available to the team members (Sorkin, West, & Robinson, 1998). The integration model of
signal detection theory also represents the information pooling thought to contribute to the
superiority of team perfornance.

Signal detection theory allows investigation of the degree individuals and teams compare
in terms of their sensitivity to the information displayed to weapons directors. The index of
sensitivity, d', reflects the degree that team members correctly recognize the information as

displayed. Signal detection theory also provides an index, I3, that reflects the degree and types of
bias in the memory responses (i.e., the relative proportion of miss and false alarm responses).
The d' and 3 indices provide ways to compare how teams and individuals respond to recognition
memory items. Given the expected superiority of team performance, the team d' values should
be greater than those of the individuals.

Another distinct advantage of signal detection theory is that an extension of the multiple

-7-



channel model can be applied to define theoretically optimal levels of performance (d') that
would be expected from a team if it optimally combined and used the available informnation
(Green & Swets, 1966; Sorkin & Dai, 1994; Sorkin, Hayes, & West, 2001). Sorkin and Dai
(1994) argue that this model is applicable to a variety of teams, including flight crews.
Consequently, this signal detection approach appears suitable to consider team responses of
weapons directors responding to recognition memory items.

One of the achievements of Sorkin's analysis is that it defines the ideal (optimal) d' for a
team (the ideal group model). The ideal team d' is calculated based on four param-ieters: The team

size (in), the mean detectability of the team members (d'), the variance of the member
detectability indices (var d), and the intercorrelation of the responses of the team members (r).
The intercorrelation of the mn team members would be the intraclass correlation (ICC) calculated
based on the in team member responses to the set of items used to determine the detectability
index, d' (see Shrout & Fleiss, 1979, for descriptions of intraclass correlations). The model is
expressed as:

ideal group d'= K (vard') m (Eq 1.)1~ -rm -1)

From this equation, it can be discerned that ideal team d' increases as team size, mean d', and
var(d') increase, and as r decreases.

The ideal team model predicts the potential level of performance if all the information
available among the team members is applied accurately for the group response and if the team
members' contributions are weighted to produce the optimal combination of member knowledge.
This ideal team model is remarkable in that it is also a model of the four variables that are
important for predicting team performance in a signal detection study. As such, the ideal team
model is a model of team performance on cognitive or perceptual tasks as well as a model that
defines ideal team performance in such studies.

Sorkin and his colleagues also propose a way of evaluating the efficiency of team
performance relative to that expected if the team operated ideally. Sorkin and Dai (1994, Eq. 20)
offer an efficiency index, 71, which is the square of the observed team d'divided by the square of
the ideal team d' This team efficiency index provides another way in which the observed
performance of teams can be compared to predictions of an ideal team to gain a better
understanding of how actual teams may fail to operate at ideal levels.

The ideal team d'model provides a basis for analyzing data reported earlier (Hinsz, 1990)
to determine how well it accounts for the observed group performance on a recognition memory
task. This analysis can also reveal how well the observed group performance approximates
potential group performance as defined by the ideal group model. Consequently, next the
relevant aspects of the Hinsz (1990) study design and methods are briefly summarized.
Additionally, some of the basic findings of the study are provided to put the signal detection
analyses in context. More details regarding the design, method, and findings of the study can be
found in Hinsz (1990) which also gives greater consideration to group memory performance.

Method of Hinsz (1990)
Student volunteers met in a large room and were asked to sit around a large table. They

were provided introductory instructions and then asked to watch an 18 minute recording of a job
interview on a video monitor. The participants were instructed that they would be tested on their
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memory of the content of the video recording. Once the video finished, the students were
randomly assigned to rooms with six participants in each room for an eventual group (55 groups,
n = 330) or at least two students in a room for the individual condition (n = 60). Once in the
room, each student received the individual recognition memory test and a response form. The
recognition tests consisted of 60 items varying in difficulty based on statements and observations
from the video recording. The students responded to the recognition items on computer-readable
forms indicating whether they thought the item was true or false. The students were given
extensive written and oral instructions for making their true/false judgments.

After completing the initial recognition test, the students in the group condition received
a very similar second test and responded to this second test as a group. The group members were
told to read each item together and to discuss the item among them to come to a group consensus
regarding whether the item was true or false. Students in the individual condition completed the
second recognition test again as individuals without interaction. At the conclusion of the session,
the participants were debriefed and thanked for their participation as they were excused from the
experimental session.

Results
Group versus Individual Memory Performance

Analyses indicated that individuals (69% correct) and eventual group members (68%
correct) were somewhat accurate on their responses to the first recognition test, t (338) = 0. 2 5, p
> .80. However, groups were more often correct on the second test (84% correct) than the
individuals (68% correct), t (113) = 13.7 4 ,p < .0001. The individuals' (mean d'= 1.03) and
group members' (mean d'= 1.04) initial responses to the recognition test indicated that they were
sensitive to the material presented, t (387) = 0.20, p > .84. The individuals' sensitivity to the
material did not change over time (second test d'= 1.02). However, groups had significantly
better memory performance (mean d'= 2.11) than the individuals, t (113) = 13.29,p < .0001.
The [ measure of bias in responding true or false did not differ between group members and
individuals on the first test (0.87 vs. 0.86), although the groups and individuals became
significantly more biased to respond with false alarms (i.e., true) on the second test (0.79 vs.
0.81),F(1, 112) = 7.99,p < .01.
Ideal Group Analysis

The calculation of the ideal group d'for this sample of groups was based on group size of
m = 6, intraclass correlation among the group members' initial test responses = .25, and the mean
group member d'= 1.04 with a variance in these group member d'= 0.19. Applying these values
revealed an ideal group d'= 2.11, which is equal to the mean observed group d'= 2.11. This is a
very surprising result suggesting that groups responding to the recognition memory test were
integrating their information at levels predicted by the ideal group model. Moreover, this result
suggests that the ideal group model is an exceptional model of group recognition memory
performance for this sample of groups.

Group efficiency in integrating the information can be calculated from the ideal and
observed group d'values. Not surprisingly, the groups achieved 100% of efficiency. This finding
runs counter to most existing literature by suggesting that these groups achieved their potential
levels of performance. That is, these groups did not appear to suffer from coordination, process,
motivation, or other losses (Steiner, 1972) when integrating the information from their members'
memory responses.

Given the equivalence of the mean observed group d'and the ideal group d'value in this
analysis based on the total sample, it is of interest to determine the distribution of the 55
observed group d'values and their associated ideal group d'values. Because the overall observed
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and ideal group d'values were equal, two possible distribution patterns might be anticipated. In
the first pattern, every group would have achieved levels of performance predicted by the ideal
group model in its responses to the recognition memory test. The second pattern suggests that the
observed group d'are distributed around the mean, with perhaps half of the groups achieving
performance at levels greater than those predicted by the ideal group model.

The following analysis describes the distribution of the observed group d'and related
values relative to ideal group d'and for the 55 groups. Figure 1 presents the observed group d'
values relative to those predicted by the ideal group model for the parameters given for that
group. Note that the
diagonal indicates a line 3.

of predicted ideal group
performance if group Re.i...of

performance achieved that Performance

of the ideal. Values to the Eceediong

left of that line indicate 2.5 - .____o,_o __ • .......

groups whose
performance exceeded "
that predicted by the ideal
group model. The region Perforoc

to the right of the diagonal ° 1.5 .. .. ... Predictions

line indicates suboptimal
group performance I
relative to that predicted ,I 2 2.5 '5

by the ideal group model. Predicted Group Perfo..ance (Ideal d'

The observed group d'values ranged from 1.07 to 3.00 while the ideal group d'for the 55
groups ranged from 1.46 to 3.07 with a mean = 2.08. The ideal group d'values were based on
intraclass correlations with a mean of .26 and a range of .03 to .41, mean member d'of 1.04 that
ranged from 0.50 to 1.47, and variance in group member d'of.17 that ranged from .03 to 1.16
for the 55 groups. When the group efficiency indices were calculated for the 55 groups, the mean
efficiency was 111% and ranged from 26% to 214% efficient. For 28 of the 55 groups, the
observed d'exceeded their predicted ideal group d'. These results are very intriguing and
perplexing because they suggest that about half of the groups performed at levels exceeding
those predicted by the ideal group model.

Discussion
The results of these analyses suggest that groups can perform at theoretically ideal levels

on a recognition memory task. These analyses also suggest that the ideal group model does
exceptionally well in accounting for information integration in group recognition memory
perfonnance. Additionally, under the assumptions of the ideal group d'model, these data suggest
groups may perform at levels that exceed expectations. The findings of group performance
meeting and exceeding predicted ideal levels are both radical departures from the traditional
findings and conceptions of group performance as suboptimal (Steiner, 1972).

The ideal group model is a compelling approach for the consideration of group
performance. It accounts for observed patterns of group performance and predicts ideal levels of
perfonrmance for these groups. The ideal group model also incorporates the intercorrelation
among group member responses along with group size, member competence, and heterogeneity
of member contributions in an elegant theoretical formulation. This ideal group model proposes
how each factor alone, and in combination, influences group performance (Sorkin et al., 2000). It
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is not surprising that the competence of the group members on the task, d', contributes to overall
group performance. Member ability has long been considered to be a critical factor in group
perfonnance (Davis, 1969). Moreover, the impact of variance in member d'values is anticipated
by research that finds heterogeneity in member knowledge contributes more to proper solutions
than does homogeneity (Shaw, 1981). Increases in group size have also been predicted and found
to enhance group performance (Davis, 1982). The intercorrelation of eventual group member
responses has not attracted as much attention in the prediction of group performance, but
Sorkin's research demonstrates its impact.

The feat of groups performing at levels predicted as ideal is surprising given historical
findings that group performance is suboptimal and often worse than the performance of the best
member (Davis, 1969, 1982; Hastie, 1986; Hill, 1982; Steiner, 1972). These results are even
more surprising given that these groups were randomly assembled ad-hoc groups of
undergraduate students with no history or expectations of future interaction. Clearly, aspects of
group recognition memory and the ideal group d'model deserve further examination to
determine how the predicted ideal performance was achieved. If future research can identify the
mechanisms leading to this ideal performance and interventions can be constructed to harness
them, imaovative approaches to the application of groups and teams will result. However, first
this exceptional group performance needs to be replicated and understood.

The empirical demonstration of groups performing beyond their assumed potential is
striking and defies comprehension within current conceptions of group performance. For
example, the combinations-of-contributions approach implies that group perfomlance is a
combination of the contributions that group members bring to the group. The ideal group model,
as one example of a combination-of-contributions approach, does not allow for performance
beyond ideal levels (Sorkin et al., 2000). If the exceptional group performance identified here is
defended with additional research, then it would violate the theoretical premises of the
combinations-of-contributions approach.
Potential Explanations for the Exceptional Group Performance

The group perfomaance exceeding predictions of the ideal group model reported above
cannot be simply dismissed. It deserves explanation. The group performance beyond ideal levels
observed with these data may result from violations of the assumptions of the theory of signal
detection. However, further inspection of potential violations of the assumptions suggests they
are not credible or imply that even higher group efficiency indices would have been found.
Similarly, the group performance beyond the predicted ideal might result from violations of
underlying assumptions of the ideal group model. Again, further analyses indicate that potential
violations of assumptions would have had minor influence on the values calculated for the ideal
group d'. Additionally, unreliable estimates of the critical parameters of the ideal group model
appear unlikely given the sample of 55 groups. Consequently, the carrent focus will turn to the
cognitive processes and motivational influences that emerge in interacting groups as more
psychologically interesting ways of attempting to explain the observed •oup performance
beyond theoretical expectations.

Stimulated Cognition in Group Memory Petformance. Hill (1982) proposed that group
members can stimulate the cognitive processes of other group members to benefit their group's
performance. Groups may achieve performance exceeding predictions of the ideal group model
because they could engage in a process similar to cued recall (Hinsz et al., 1997; Meudell, Hitch,
& Boyle, 1995). Memory researchers have considered the possibility that collaboration in
remembering can produce socially-cued memory. For example, when a group confronts a
recognition item, one member might remember one piece ofinfomaation relevant for answering
the question. That member reports his or her memory to the other group members which could
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cue or stimulate the other group members to remember material they were unable to retrieve
earlier. In this fashion, group members may not have initially responded to the item correctly as
individuals, but would respond correctly as a group. If this socially-stimulated cognition
occurred for a number of recognition items, then group performance could exceed that predicted
by the ideal group model. This socially-stimulated cognition explanation suggests that
performance beyond that predicted by the ideal group model could arise because groups use this
type of effective strategy in their responses.

Although there is a conceptual basis for the influence of socially-stimulated cognition,
research has not revealed much support for it (Hinsz et al., 1997; Meudell, Hitch, & Boyle,
1995). Research results more generally find that group interaction hinders recall (Weldon, Blair,
& Huebsch, 2000). The retrieval and anmouncement of one piece of information by a group
member may interfere with another member's memory performance (Basden, Basden, & Henry,
2000). Although group memory performance exceeding the predicted ideal could result from
socially-stimulated cognition, it is more likely that group interaction would interfere with the
memory performance of group members (e.g., Basden, et al., 2000). Nevertheless, one worthy
direction for future investigations of group memory performance is the potential impact of
socially-stimulated cognition which could contribute to exceptional performance.

Motivational Influences of Group Interaction. One plausible way in which group
performance could exceed ideal predictions is to assume that asking the individuals to make a
group judgment motivates their memory for the material. This explanation suggests that forming
a group of individuals increases the group members' motivation to remember the material when
they respond as a group. If this motivational enhancement occurred in the groups, then the group
members' initial d'values would underestimate the members' actual memory for the
information. Consequently, the predicted ideal group d'would be an underestimate of potential
group performance on the second memory test.

There are a few instances in which asking individuals to respond as a group appears to
raise the motivation of individual members (i.e., social compensation, Karau & Williams, 1997;
K6ehler effect, Hertel, Kerr, & Mess6, 2000; group brainstorming, Paulus, Dugosh, Dzindolet,
Coskun, & Putman, 2002). Although it has been considered that groups can motivate their
members (Hackman, 1992), research generally finds that groups reduce the motivation of
individual members for task performance (e.g., social loafing, Latand, Williams, & Harkins,
1979). Sorkin et al. (2000) argue that a portion of the suboptimal performance they observed was
due to motivation losses that led their observers to put forth less effort on some trials. Moreover,
collaborative memory research has found that group performance can be less than baselines from
individual memory performance (Clark, Hon, Putnam, & Martin, 2000; Weldon, Blair, &
Huebsch, 2000). Consequently, a plausible explanation of beyond ideal group performance is
that having the participants respond as a group may have motivated them to do well in their
memory performance. However, there is substantial research suggesting that the opposite effect
is more likely. Nevertheless, the entry of individuals into groups can have dramatic motivational
influences for the way groups respond to memory questions and deserves further investigation.
The following study examines this potential for enhanced motivation in groups to influence
group recognition memory performance.
Summary

The findings reported here expand upon earlier findings that groups were superior to
individuals in memory performance (Clark & Stephenson, 1989; Hinsz, 1990; Vollrath et al.,
1989). As a model of the aggregate data, the predictions from ideal group model had an
amazingly good fit. These groups' performance at levels that met and exceeded those of the
predicted ideal is inconsistent with the combination-of-contributions metatheoretical approach,
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and challenge longstanding conceptions of the nature of group performance. Potential
explanations for the exceptional group performance reported based on potential motivational
influences or socially-cued cognition appear to provide the best rationales for the exceptional
group performance. These issues need to be resolved with future research, but this study does
provide some bases for considering the potential of exceptional group performance on cognitive
tasks.

8. Further Investigation of the Ideal Group Model

The discussion directly above highlighted a study that showed groups performed at
extraordinary levels relative to predictions of the ideal group model. Two issues relating to that
study were discussed that lead to the current investigation. One issue is that the finding of group
performance that met and exceeded the performance predicted by the ideal group model should
be replicated. A second issue to be addressed is whether the extraordinary performance might be
explained by motivational influences on group members during interaction. The replication and
potential explanation of the extraordinary performance will be considered in this study along
with related issues. [This discussion is based upon a study partially reported in Hinsz, Spieker,
Heimerdinger, & Lawrence, 2005.]

In attempting to replicate the finding of extraordinary performance, one difference in
methodology is that this investigation used two-person groups (dyads) instead of the six-person
groups of the previous study. One reason for using dyads is that the ideal group model (Sorkin &
Dai, 1994) is best specified for dyads. In particular, with dyads, the correlation between
members' responses is a Pearson correlation coefficient instead of the intraclass correlation.
Because of the nature of the intraclass correlation, it might be an inflated value for r in the ideal
group model. However, it can be shown that the intraclass correlation for groups larger than two
is equivalent to the Pearson correlation for dyads.

In attempting to replicate the finding of extraordinary performance, all other aspects of
the study were similar to the study described directly above. The same video-taped job interview
was used. The same recognition items were used for both the initial and second memory test. The
instructions were the same, including the emphasis on the groups agreeing on what was the
correct answer. Given this replication of the earlier study, many of the predictions were the same.
It was predicted that the d' of dyads would be greater than that of comparable individuals.
Likewise, dyads should have higher proportion of correct responses. Similar to the previous
study, it was also predicted that dyads and individuals would not differ in the 0 (beta) value
indicating bias toward making false alarm responses relative to misses.

One additional prediction for this study is that repeated testing of the recognition memory
should influence the 03 parameter assessing bias. In particular, the second memory test should be
more biased toward false alarms (03 < 1.0) because of interference from the initial memory test
(Bjork, 2001). When participants respond to the initial memory test, they are exposed to
statements that are not true based on the stimuli presented. However, when the participants
respond to the same memory test the second time, they will remember seeing the statement
previously (Burns & Gold, 1999). Therefore, they may be biased toward responding that the
statement was true when it is not. This false alarm of saying a false statement is true will then be
higher for the second test. When there are more false alarms than misses, •3 is lower than when
false alarm and miss errors are equivalent (/3 = 1.0). Thus, a unique prediction for this study is
that participants would have lower 0 values (farther from 1.0) on the second test than the initial
memory test. Because both dyads and individuals will be exposed to the initial memory test, it is
not expected that this decrease in 3 will differ for the two conditions.
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The primary purpose for this study was to test the motivation explanation for the
extraordinary levels of group performance relative to those predicted by the ideal group model.
The main premise was that becoming involved in group task performance motivates the
participants such that they exhibit better memory for the material presented. In this way, the
memory measures for the initial test do not reflect the actual sensitivity for the material (d'). If
this was the case, then if participants were motivated to perform better, the d' on the memory test
should increase. As a consequence, it could be argued that the extraordinary performance
observed in the earlier study might result from increased motivation that arises in interacting
task-performing groups.

As noted in the discussion of the previous study, some have speculated that engaging in
group interaction may motivate group members. One reason that members might become more
motivated to perform well on the task is that they feel a greater sense of responsibility when they
are a member of a group (Wallach, Kogan, & Bem, 1964). That is, as a function of group
membership, group members feel a sense of responsibility to other group members. Moreover,
being assigned a task as a group makes members recognize that they will be held accountable
(Tetlock, 1985) to other group members during interaction. Group members might want to insure
that the reliance other group members' have in them is warranted. Thus, group members may try
harder to insure that the group succeeds. Consequently, even telling individuals that they will be
interacting with others who will be relying upon them for the collective performance should
increase motivation on a task. Asking the individuals to perform as a group should also influence
the motivation to perform well in dyads. These arguments suggest that groups provide conditions
that serve as a social incentive for group members to do well on tasks.

The potential for a social incentive for group members could lead to the pattern of
performance reported in the previous study. In that study, individuals performed the initial
memory test on their own without knowledge that they would later perform the task as a group.
These eventual group members did not differ from those in the individual condition. However,
when the group members performed the task as a group they achieved higher levels of
performance than those of individuals on the second memory test. If group membership led the
members to have an incentive to remember the material better, then members' d' would have
been higher. As a consequence of better responding by the group members, the group
performance would be much higher. That is, the predictions from the ideal group model, by
relying on the d' from the initial test, underestimated the members contributions to the group. In
this way, the observed group performance appeared to be extraordinary relative to the standard
established by the ideal group model.

The current study tested the potential influence of a social incentive. One condition
involved telling the eventual dyad members that they would be performing the memory task with
their partner and that their partner would be relying upon them to help attain high levels of
performance. If this social incentive influences task performance, then participants in this
condition should have higher d' values relative to control conditions. Moreover, the dyad
members subsequently performed the memory task as interacting dyads. This allowed a
determination of whether interaction of the members had an independent or critical influence on
the social incentive. Interacting with a partner on the memory task might also increase
performance, so these social incentive dyads were compared to the performance of a control
dyad condition. Forming a dyad and actually interacting on the task might exaggerate the
influence of anticipated interaction. Both the anticipation and actual interaction among members
of a dyad were included in the current study to determine if social incentives might contribute to
enhanced memory performance of groups relative to comparable individuals.

- 14-



Motivational influences separate from social ones might also enhance group
performance. Any motivational influence might have an impact similar to social incentives on
individual d' and subsequently group performance. Consequently, this cunrent study also
included a monetary incentive condition that directly manipulated motivation to do well on the
memory tests. Monetary incentives are known to be among the most influential ways of
increasing task performance (Locke, Feren, McCaleb, Shaw, & Denny, 1980). Therefore,
monetary incentives might be able to motivate individuals to do well on a memory task.
Individuals who are motivated to do well on the task might provide more accurate estimates for
the ideal group model resulting in more appropriate predictions for the group performance. So,
the current study includes a monetary incentive condition in which the eventual dyad members
were told they would receive a sizeable bonus if they were among the best performers on the
initial memory test. Moreover, these dyad members were offered another bonus if their dyad was
among the best performers on the second memory test. These monetary incentives can help
determine if monetary incentives can serve as motivators for higher levels of performance. This
study can also help determine whether group interaction moderates the influence of monetary
incentives on memory performance. The performance from monetary incentive condition will be
compared to that of a control condition that receives no incentives as well as the social incentive
condition. In conjunction, these different incentive conditions provide a means to test a variety of
motivational influences that might enhance the performance of individuals and dyads on
recognition memory tests. The details for this study follow.

Method
Participants ard Design

Participants were 188 undergraduate students at North Dakota State University who
received extra-credit in their lower-level psychology classes. A slight majority were female.
These students were randomly assigned to one of four conditions. The individual comparison (n
= 28) and dyad control (n = 52) conditions did not receive a motivation manipulation whereas
the dyad with social incentive (n = 56) and dyad with monetary incentive (n = 52) conditions
received specific motivational instructions. All participants completed the initial memory test
individually without interaction. Participants in the dyad control, dyad with social incentive, and
dyad with monetary incentive conditions completed the second memory test with their partner to
produce one set of responses. The individual comparison condition participants performed a
filler task and then completed the second memory test again individually.
MIemory Materials and Tests

Participants watched the same mock job interview used in prior collaborative memory
research (Hinsz, 1990). The interviewee answered general questions about his college and work
experiences as well as his aptitude for management. The memory tests involved 60 true-false
recognition memory items that could be unambiguous answered correctly from close attention to
the interaction presented in the video-recording. Half of the questions were answer correctly as
true and half as false. The initial and second memory tests were identical except for five unique
items distributed throughout the test. The second memory test had five unique items which were
substituted for five items that were then unique on the initial test. Consequently, there were 55
identical questions on the initial and second tests in the same locations in the item sequence.
Procedure

Participants arrived at a waiting room prior to the beginning of the experimental session
where they were met by an experimenter who escorted them to one of three experimental rooms.
If two participants were randomly assigned to a room they became one of the dyads, otherwise
an individual was escorted to a room and completed the experiment alone as an individual in the
comparison condition.
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After being welcomed to the experiment, the participants were told that they would be
watching a videotaped mock job interview of a former student. They were told to pay attention to
the video because they would be asked later to complete a memory test about the material
presented in the video. Participants in the social incentive condition were also told that "you will
eventually also be working with the other person in your room to answer these questions and
your partner will be relying on you to help give the most accurate answers to these questions."
The students in the monetary incentive condition were told that "you have a chance to make
some money if you give among the most accurate answers to the true-false recognition items.
That is, the students who are among the top 10% of students who answer these questions most
accurately will receive $20 dollars." The individual comparison and dyad control conditions did
not receive any incentive instructions.

When the video finished, the participants were asked to retrieve a booklet of the memory
test items and computer-readable form upon which to mark their responses. The participants
were asked to read each of the true-false questions carefully and mark whether they thought the
item was true or false from what they watched on the video. They were then to respond
indicating how confident they were in their true-false response. The participants in the social
incentive condition were reminded "that later you will be asked to complete the true-false
recognition items and the other person in your room will be relying on you to help give the most
accurate answers to these questions." Participants in the monetary incentive condition were told
to "Remember that you have a chance to make $20 if you have among the most accurate answers
to the true-false recognition items." The participants were then told to answer all 60 items
individually and without discussion.

When all participants in the room had finished the initial memory test, they were asked to
place those materials out of the way. Then the participants in the dyad conditions were asked to
once again complete the (second) memory test. Each dyad was asked to retrieve a pair of
booklets listing the memory items and one computer-readable form that they would use to give
their dyad's responses to the memory items. The dyads were told that we wanted them "to jointly
respond as a dyad. Now, you may reach your joint responses and judgments in any way that you
wish, but your dyad's final responses must represent your dyad's collective opinion about if the
question is true or false and the degree of confidence you jointly have in your dyad's true-false
response. During your discussion of these various questions, make sure that each person has the
opportunity to speak, and make sure that you give due consideration to the opinions of the other
member of your dyad." Participants in the monetary incentive condition were also told that "your
dyad has a chance to make $40 dollars if your dyad is among the top 10% of dyads with the most
accurate answers to the true-false recognition items. That is, if your dyad is among the most
accurate dyads, you will receive $40 dollars, $20 per member of your dyad for being the most
accurate." If the dyad members did not have any questions, they were allowed to complete their
memory test at their own speed.

After completing the initial memory test, participants in the individual comparison
perforned a filler task to account for the longer time it would take for the dyads to complete the
second memory task. The filler task involved responding to nine problems regarding the use of
base-rate and test-reliability information in medical decisions (Hinsz, Heimerdinger, Henkel, &
Spieker, 2005). These individuals then completed the second memory test again alone and
without incentive instructions.

When all participants completed the second memory test, they were asked to place the
materials associated with the test aside, and then retrieved a questionniaire. This questiornaire
included a set of items that assessed how attentive, motivated, and committed to do well the
students were on the second memory test. Upon completion of this questionnaire, the students
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were debriefed and thankcd for their participation. Students in the monetary incentive condition
provided contact information to be used if they were among the top performers. The top
performers were later determined and they were given the money promised.

Results
Recognition Memory Accuracy

Table 1 contains the proportion of items answered correctly by individuals and all dyad
members (collapsing across motivation conditions) on the initial recognition test and second
recognition test. Table 2 contains the proportion of items answered correctly by each dyad
condition on the second recognition test. These analyses involving the proportion correct data
were conducted following an arcsine transformation. The individual and dyad conditions did not
differ on the initial recognition test, F(1,186) = .00, ns. The dyads and individuals did differ in
the accuracy of their responses on the second recognition test, F(1,106) = 11. 9 0, p < .001, partial

2 =.10. gave Iaer proportion of correct responses than did individuals on the second
77 1.Dyads gaeahighe prprto response

recognition test.

Table I
Mean Values and Standard Deviations of the Memory Measures for Recognition Test ] and 2

Initial Recognition Test Second Recognition Test

Dependent Individual Dyad Member Individual Dyad
Variable M (SD) M (SD) M (SD) M (SD)

Proportion Correct 0.673 (0.078) 0.674 (0.076) 0.674 (0.079) 0,725 (0.063)

d 0.973 (0.485) 0.984 (0.464) 0.983 (0.508) 1.276 (0.405)

(3 (Beta) 0.843 (0.153) 0.874 (0.225) 0.819 (0.272) 0.793 (0.247)

Table 2
Mean Values and Standard Deviations of the Memory Measures for Recognition Test 2 by Dyad
Condition

Control Dyads Social Incentives Monetary Incentives
Dependent Variable M (SD) Dyads Dyads

M(SD) M(SD)

Proportion Correct 0.685 (0.071) 0.689 (0.081) 0.699 (0.074)

d 1.037 (0.427) 1.081 (0.510) 1.126 (0.454)

S(Beta) 0.853 (0.234) 0.841 (0.257) 0.848 (0.215)
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A repeated measures analysis of variance (ANOVA) of dyad condition by test revealed a
significant effect of accuracy of responses on the initial versus second test, F(l, 72) = 27.64, p <
.001, partial - 2 = .28. The proportion correct on the initial recognition test (M= .67) was
significantly less than the proportion correct on the second recognition test (M= .73). However,
there was no effect of incentive condition on memory performance which is inconsistent with
expectations, F(2, 77) = 1.55,p > .21. The different incentive conditions did not influence the
performance of dyads or dyad members. Rather, the primary effect was that dyads had better
memory performance than individuals, which is consistent with research on collective memory
performance (Clark & Stephenson, 1989; Hinsz, 1990; Hinsz et al., 1997).
Signal Detection Analyses

Based on the proportion of hits and false alarms, the d and /3 measures of signal
detection were calculated for the individual and dyad conditions on the initial and second
memory test. Summary statistics for these values for individuals and all dyads on both
recognition tests are given in Table 1. Table 2 contains the summary statistics for the motivation
conditions on the second recognition test.

Memoty Strength, d. One-way ANOVAs were conducted on d values for each
individual and dyadic condition on the initial test and for individual and dyad conditions on the
second test. Results of these analyses revealed that the individual control condition and the dyad
conditions did not differ in the initial recognition test, F(1,186) = 0.01, ns. However, significant
differences in memory strength were found in the second recognition test performance, F(1,106)
= 9 .4 4 ,p < .01, partial mj2 = .08. Dyads were significantly more sensitive to the correct answer in
their responses to the second recognition test than were individuals. A 3 (dyad controllsocial
incentive/monetary incentive) by 2 (recognition test) repeated measures ANOVA was conducted
on responses to the second recognition test to examine differences in d . No differences were
observed in second recognition test performance among the motivation conditions, F(2,160) =

0.77, ns. Analyses also revealed that d' on the initial recognition test (M= .98) was less than it
was on the second recognition test (M= 1.28), F(1, 72) = 2 2 .79 ,p < .001, partial n2 = .24.

Decision Strategy, /3. One-way ANOVA tests were conducted on /3 values for the
individual and dyad conditions on the initial test and for individual and dyadic conditions on the
second test. As predicted, results of these analyses revealed that the individual condition and the
dyad conditions did not differ in the initial recognition test, F(1,186) = 0.48, ns., nor did they
differ in the second recognition test, F(1,106) = .21, ns. A 3 (dyad control/social
incentive/monetary incentive) by 2 (recognition test) repeated measures ANOVA was conducted
to evaluate the hypothesis concerning differences in 03 over the tests. A significant difference in/3
over recognition tests was observed, F(1, 72) = 6.39,p < .01, partial r/2 = .08, with /3 being higher
on the initial recognition test (M = .87) than on the second (M = .79).
Ideal Group Model Analysis

To calculate the ideal group d for this sample of dyads across all conditions, measures of
the parameters were needed. These parameters and the resulting analyses are contained within
Table 3. Consistent with the result reported directly above, there were insubstantial differences in
the parameters for the different incentive conditions, so analyses focused on the dyads conditions
collapsing across all motivation conditions. Results suggest that dyads responding to the
recognition memory tests were on average integrating the information they had available at
suboptimal levels. The dyads achieved 87% of efficiency. These dyads did suffer from
coordination, process, motivation, or other losses (Steiner, 1972) when integrating the
information. Further break down by motivation condition suggests that none of the conditions,
including those conditions designed to enhance motivation, were integrating the information they
had available at optimal levels as was reported in the previous study.
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Table 3
Ideal Group Parameters and Analyses

ICC Variance Ideal
Among Mean d in Dyad Group

Group Initial of Dyad Members predicted Observed Efficiency
Size Responses Members d d Group d (Mj)

All Dyad
Conditions 2 0.177 0.984 0.216 1.473 1.276 87%

Control 2 0.187 0.938 0.169 1.378 1.234 90%

Social
Incentives 2 0.183 1.012 0.297 1.568 1.219 78%

Monetary
Incentives 2 0.156 1.000 0.180 1.468 1.378 94%

To examine the performance of the dyads relative to the ideal group model, analyses
were also conducted by dyad. The dyad's d' values for their observed performance ranged from
.08 to 2.39 whereas the predicted ideal group d' values for these dyads ranged from .53 to 3.72.
A scatter plot of the observed versus predicted d' values is presented in Figure 2. The r values
for these dyads ranged from 0% to 270%, indicating that although on average the dyads
performed at suboptimal
levels (M= 92%), 3 1% of Figure 2. Observed Dyad Performance Relative to
the dyads exceeded the Predicted Ideal Group Performance
predictions from the ideal
group model. These rates 4 Predicted Ideal Dyad Performanc

of dyad perform an ce 3.5 ......... .........................
exceeding ideal group
model predictions were 0 Region of Performance Exceeding Predictions

low er than those reported : a 2.5 . . ..... ,, .. . ....... .....

for the six-person groups :r 2 ,,_-.......
above, Fisher's exactp < 1.5

.03. Consequently,
although portions of these . 1 ... * ..
result replicate those 0.5 0 - -•

Region of Performance Beiow Predictions
reported above, other 0
results differed in 0 0,5 1 1.5 2 2.5 3 3.5 4

important ways. Performance Predicted by Ideal Group Model (d')

Discussion
The results of this study provide important results regarding the replication of

extraordinary performance in interacting groups and the potential for motivation to influence
performance on the recognition memory task. This study replicated previous research that shows
collective performance to be superior to that of individuals on a memory task (Clark &
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Stephenson, 1989; Hinsz, 1990; Hinsz et al., 1997). However, although superior to that of
individuals, the dyad's memory performance did not meet or exceed that predicted by the ideal
group model. In contrast to predictions, the results of this study demonstrated no motivational
influences on recognition memory performance. Consequently, this study adds significantly to
research attempting to replicate and explain the extraordinary performance reported above.

The results of this study are quite consistent with much of the research examining
memory performance in groups. First, collective performance exceeded that of individuals who
were treated similarly. Second, the collective performance, although superior to that of
individuals, was still suboptimal relative to standards that can be constructed for models of
optimal performance. Third, the tendency of the recognition memory test to produce
proportionally more false alarnms than misses was replicated. Fourth, the findings from signal
detection analyses were consistent with other measures of memory processes. In conjunction,
these results suggest that the existing findings for collective memory performance are quite
robust across group sizes, materials to be remembered, and measures used for memory
performance and processes (Hinsz et al., 1997).

This study did not replicate the finding of extraordinary performance relative to the ideal
group model as reported above and demonstrated in Figure 1. The failure to replicate could arise
for a number of reasons. Perhaps dyads are different from the six-person groups that were
reported in the study above. The previous study and this one differ in how the dependence in
member responses was incorporated in the predictions of the ideal group model. That is, this
study used the Pearson correlation coefficient while the previous study used the more general
intraclass correlation. Alternatively, perhaps the interaction processes of dyads are substantially
different from those of six-person groups. The complexity of interactions with more co-actors
may be necessary to produce the extraordinary performance that was observed above. Or,
perhaps some of the values used to make the ideal group model predictions are influence by
group size. That is, collective performance meets or exceeds performance predicted by values
derived from six-person groups while the values used for dyads result in judgments of
suboptimal performance. Nevertheless, it is clear that a much better understanding of group
performance and the way the ideal group model predicts it is needed. The study that follows,
which involves a simulated AWACS task, will hopefully improve the understanding of team
performance and model predictions of that performance.

The results of this study provide evidence that motivational influences do not play a role
in extraordinary perfonnance reported above. Although there are some important differences
between the previous study and this one, primarily group size, the similarities are widespread.
Consequently, the tests of the influence of the social and monetary incentives on memory
performance can be considered directly. Although there was some speculation that group
interaction might enhance member motivation, this study found no support for that speculation.
The social incentive manipulation did not increase members' memory performance on the initial
test. The speculation that interaction might influence the performance of dyads relative the
control dyad condition was not supported. Similar results were found for the monetary incentive
condition. The chance to earn money for being among the most correct respondents did not lead
the dyad members or the dyads to achieve better memory performance. The lack of differences
between the control condition and the social and monetary incentive conditions suggests that
participants are sufficiently motivated to do well on the memory tests such that no more
incentive is necessary or effective. Alternatively, given the strong cognitive basis of memory
performance on this task, perhaps motivational influences play a non-significant role once some
basic level of motivation is applied to the task. Nevertheless, this study found no influence of the
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